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COWUTKE PROGEAX ?OB POST-?LIGHT AHALISIS OF R I G I D  
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This report  deacrtbes a PoRTRAB coded coaputer progran and method f o r  
e v a l u a t l m  of the r i g i d  body disturbil lg moments f o r  a launch vehicle  first 
stage heed on poet-f l ight  measurements. 
d e t e r r i n i a t i c  approach. 
equatioas of motion. 
cha rac t e r i s t i c s ;  i.e., aerodynamic coeff ic iente ,  t h r u s t  mlsaligmnent, ead 
cant ro l  effect ivenses .  This method has been used on the Scout Launch Vehicle 
for more than f i f t e e n  years  an3 ha8 uncovered s e v e r a l  s i g n i f i c a n t  differences 
between f l i g h t  data and wind tunae l  data. 

system. It haa been used on IBll 7090, IBH 360/370 and CM: 6600 computer 
systems uith minor modifications. 
seconds of running time on a CDC CYBE3 173 computer aystem. 
aseociated subroutines contain 1745 cards  and requires (38K) words of aenorg. 

!he t e c h q u e  i a  a st raightforward 
Residual moments are computed t o  a a t i s f y  the  

Eeeiduals are expressed a l s o  i n  t e rne  of altered vehic le  

The computer program is wri t ten  ,n FORTRAN IV f o r  a CDC CIIBBB 173 computer 

A m i c a 1  problem requires less than 20 
The program and 
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1.0 IBTBODUCTIOI 

Post-f l ight  analyses of a launch vehic le  first stage should include an  
evaluat ion of the ehort period motion and the dis turbances  encountered. 
technique, described in this report, ita a de terminis t ic  eva lua t ion  of each of 
the tews i n  the r o t a t i o n a l  equat ions of motion. 
s t ra ight foruard  approaeh (veay simple) f o r  e v a l u a t i w  vehic le  characteristics, 
i t  is sometimes overlooked in poat - f l igh t  analyaie. 

One 

Althoutgh this i s  a very 

The method has been used for over f i f t e e n  yea r s  f o z  eva lua t ion  of the 
Scout first stage behavior. Besidual d i s tu rb iag  moments from many f l i g h t s  
have been used t o  uncover s i g n i f i c e a t  d i f fe rences  between wind tunnel  da t a  and 
fli@t data f o r  the s t a t i c  s t a b i l i t y  ds r iva t ives  and con t ro l  sur face  
e f fec t iveness  c o e f f i c i e n t s  (References 1 through 3) . 

A fa i r  amount of input  data is required. It inc ludes  predicted vehic le  
cha rac t e r i s t i c s ,  aome of the pos t - f l igh t  computed tra3ectoxy parameters, 
booster thrust and angle of attack a8 well a s  te lemetry d a t a  covering vehic le  
pitch,  yaw and r o l l  rates, and con t ro l  surface def lec t ions .  I n  moat 
circumstances the bulk of  the input  d a t a  is derived from computer output from 
several sournee. In such cases the da ta  is usual ly  passed through simple 
preprocessing rout ines  which a r e  defined by the u s e r  t o  asaemble a single 
cons is ten t  input  data stream. 

- 1 -  



Computation of the d is turb ing  momenta f o r  a non-spinning launch vehic le  
f i r s t  stwe include computation of aerodynamic and rocket motor diaturbancee,  
con t ro l  momenta and the inertia term8 In the equationa of  motion. The method 
promoted he re in  l a  a st ral@tforward computation of these momentar and 
r e s idua l s  neaeaaarg t o  balance the equationa of motion. 
s eve ra l  cha rae t e r i a t i ca  suah as aerodpemio a t a b i l i t y  derivativete, th 
misalignment and wiad p r o f i l e  devtat iona are computed t o  ellmiuate thy  
r e s idua l  moments. 
presented in the fo l lowiw paregraphe. 

"Effeotive" VI-. 

The assumptions and equat ions used by the method are 

2.1 Aaaumptions 

Major assumptions included i n  the method are: 

non-spinning near ly  axisymmetric vehicle ,  

c ros s  products of  i n e r t i a  a r e  sero, 

predicted aerodynamic normal force and aerodynamic cen te r  v a r i a t i o n  
with angle of a t t ack  i s  independent of aerodynamic r o l l  angle ,  

aerodynamic sur faces  (moveable f i n s ,  f i n  t i p s ,  elevons, f l a p s ,  e t c .  ) 
and rocket con t ro l s  ( je t  vanes, t aba ,  gimbaled nozzles,  e t c . )  move in 
concert  , 
f l e x i b i l i t y  effects on t h r u s t  misalignment and aerodynamic 
c o e f f i c i e n t s  can be described a s  a functon of dynamic pressure and 
con t ro l  forces ,  

telemetry d a t a  haa been preprocesaed t o  e l iminate  non-rigid body 
re spc m e  3. 

2.2 Equations 

2.2.1 Equations of Motion and Moments 

The equationa of motion f o r  angular motion (Figure 1 presents  t h e  sign 
convention f o r  vehicle  motion) about the  instantaneous center of mass a r e :  

- 2 -  



ORIGINAL PAGE 63 
OF POOR QUALrrV 

Aerodynamic moments include the  basic pitching and yawing r e s to r ing  
moments due t o  angle of a t t ack ,  a s ta t ic  t r i m  moment a t  881.0 angle of a t t ack ,  
f i n  miaeligrmaent effects and a damping tew (aee Figure 2 f o r  Trajectory 
6emtV)* 

l o t i c e  t h a t  with t l e  exception of the zero angle of a t t a c k  terms C,,, 
and Cno the  aerodynamic c o e f f i c i e n t s  in p i t c h  and yaw are aaaumed t o  be ?he 
same. Aerodynamic coe f f i c i en t s  C C Clc , and Cfp 
are aaaumed t o  be only functions%'Ma%'Num%r* ierodynamic loada on the 
vehicle due t o  angle of attack induce a bending which d i s t r i b u t e s  the  
aerodynamic loads d i f f e r e n t  from a r i g i d  body. On a vehicle  auch as Scout 
this e f f e c t  i s  s ignif icant .  
included by defining the aerodynamic terms CB Gq, and xcp as a 
function o f  Mach Number and dynamic pressure YQ). 
than 2 degrees the  aerodynamic noma1 force coe f f i c i en t  (C,) and a8rody?~mi-. 
center  (I 
with t o t a l  angle of a t t ack  (71, where, 

(2-7) tl =tan"J tan2ar  +tan2/3 

bese quasi-eteady aerodynamic e f f e c t s  a r e  

A t  angles of attack hi, ."- 
become non-linear. This i a  included as an incremental challge 

C P  

Aerodynamic normal fo rce  coe f f i c i en t  i s  

The aerodynamic cen te r  body s t a t i o n  i a  

Aerodynamic damping der ivat ive8 a r e  defined about the instantaneous 
Since the cen te r  of  maaa move8 during boost a simple center  of mass. 

in t e rpo la t ion  is used by the  program between two sets of i:\put da t a  
corresponding t o  two cen te r  of mass locations.  

- 3 -  



Rocket motor induced dieturbing moments include t h r u s t  misal igment ,  
center-of-maea o f f e e t  and jet damplng momenta. Pi tch and yaw momeute are, 

Jet damping coe f f i c i en t  (Kn) f o r  a rocket motor having a c y l i n d r i c a l  
bore i e ,  

where , 

Tt\,ruat misalignment iacludea a r I & d  body value and a flex,,le veh-cle 
value i n c h e d  by aerodynemic and con t ro l  loads- 

where, 

a de r iva t ion  of t h e  coe f f i c i en t s ,  KJD, K, , and Ka , a re  presented i n  
A -endix B of Reference 4. 

Control momenta include thoae derived from aerodynemic surfaces and those 
derived from the rocket booeter. 
proportional t o  the  de f l ec t ion  ( i i n e a r )  auch a6 aerodynamic fine and je t  vanes. 

The oontrola are asaumed t o  produce forces  

where, 
CQ is t h e  elope of the aerodynamic control  force normal force 

coeff ic ient  vesaus de f l ec t ion  angle 

Fr8 is the j e t  vane force slope per degree of  de f l ec t ion  angle 

- 4 -  



The progen assumes t h a t  coe f f id i en t s  am for  a single eurface. The 
de f l ec t ion  *a* is per  surface. 
each aria. 

The moment equations assume two surfaces f o r  

The jet vane effect iveness  i s  proportional t o  the booster vacuum t h r u s t  
and a polynomial function of  another independent va r i ab le  * u *  whicb is a 
function of time, i .e. ,  

where, 
q ’ s  are the polynomial c o e f f i c i e n t s  

u is  a funct ion of time 

“hie form provides a fair amount of f l e x i b i l i t y  i n  application. As an 
era22e. for a booetar with a single gimballed n0SSle con t ro l  t he  only tern 
neceaaary WOuiZ ??r *ag* which would have a value of 0.008725. The Scout j e t  
vanes are dependent upon mssle f l o u  parametera which car be accounted f o r  
using a first order polynomial ii; ‘u* which has a f a i r l y  simple time h i s t o r y  
(two straight l inea) .  The *u’ paramotsr may be a n  a l t i t u d e  function, nozzle 
erosion function or  aome o the r  parameter. 

The pitch,  yaw, and roll moments produced by t he  con t ro l s  are, 

t h e  r o l l  moment ann of the aerodynamic surface,  such as 
- a moveable f i n  t i p  

R r  is  the  roll moment ann o f  t he  jet  vane or multiple giL;jalle? nozzle 

2.2.2 Residual Moments and Effective Charac t e r i s t i c s  

The equations of  motion described by equations (1) through (3) include 
residuai  m o n e n t a h ,  AH, and h. 
based on pre f l igh t  knowledge and post-f l i g h t  meaeummenta. 
coe f f i c i en t s  are predicted based on a n a l y t i c a l  ca l cu la t ions  and wind tunnel 
testa. ?he8  propert ies  can be computed f a i r l y  accurately. Fin misalignments 
and c e r t a i n  components of t h rus t  misalignment can be measured d u r i n g  
assembly. Angular displacements, rates and control surface dzflections are 
ueually telemetered duriDg the f l i g h t -  
f a i r l y  accurately or can be determined by post-f l ight  analyses. 
a t tack and 8ide8lip,  Mach number, dynamic pressure, veloci ty ,  and f l i g h t  pa th  

Each cf  the  o the r  tenna can 3e computed 
A. I odynamic 

Rocket motor data can be estimated 
Angles of 

c 
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-10s are general ly  ca lcu la ted  baaed OR the combination of telemetermi 
attitude in for ra t ion ,  radar traokim data ,  aad -rad wind pro f i l e r .  A 
method of computing thir d a t a  fo r  t h e  Saeut launch vehicle l a  presented i n  
Befemnce 5- 
error. 
predicted (Le . ,  t h r u s t  mlsaligment). 

Associated with each predic t ion  and measurerent i a  a p t en t i a l  
In addi t ion,  certain pa=tera  may not have been m e a s u r e d  or 

Therefore, in add i t ion  t o  computilpg the a e c d l m c ,  con t ro l  am3 booater 
induced momenta, the moat i n t e r e s t i n g  parameter is the maidue l  norents. 
Them are calculated from equationa 2-1 through 2-3, i .e.,  

The computation of  t h e  inertia terms (sometimes referred t o  as the  
“reversed e f f e c t i v e  torque”) genera l ly  requi res  the  d i f f e r e n t i a t i o n  of body 
rates measured by rate gyros. 
body s g t i o n  the  measured rates m u s t  be f i l t e red  t o  ob ta in  r i g i d  body motion. 
Lor paaa f i l ters can be used. 
s t r u c t u r a l  bending mode frequency, this frequency can be nulled by two sample 
averaging with samples taken at twice the  s t r u c t u r a l  frequency. 
important t o  ad jus t  a l l  data t o  a coamon t h e  base srhich requfru shifting 
due t o  measurement, playback, and filteriw t b e  lege. 

Since t h e  above equationa are f o r  r&&j 

If the  rate da ta  conta ins  a predominant 

It is  

Usually the  r e s i d u a l  moments are analyzed in tewe of an e f f e c t i v e  set o f  
c h a r a c t e r i s t i c s  such as t h r u s t  misalignment, Wind deviat ions,  control  surface 
effect iveness ,  o r  aerodynamic s tabi l i ty  der iva t ives .  In  the  computer prograai 
the r e s i d u a l s  are computed i n  tewe of these e f f e c t i v e  parameters and compared 
t o  t h e  predicted vaiiies. 
t o t a l  res idua l  i s  a t t r i b u t e d  t o  t h e  parameter. 
meanillgful trend i s  usua l ly  es tabl ished.  
s eve ra l  f l i g h t s  w i l l  reveal  any s i g n i f i c a n t  deviat iona i n  predicted 
cha rac t e r i s t i c s .  
c h a r a c t e r i s t i c s  uaiag a l a r g e r  number of  flights is preaerfed in Reference 3. 

There i s  no weighting perfowed. In each case the  
For a s ing le  f l i g h t  no 

However, combining r e s u l t s  from 

A method of least squares f o r  reveal ing b i a s  e r r o r s  in 

The e f fec t ive  set of  c h a r a c t e r i a t i c s  are presented in t k s  equations t h a t  
fo l lox .  

The e f f e c t i v e  aerodynamic p i tch ing  moment is, 

where, 
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The e f f w t i v e  aerodynamic center  in the p i t c h  plane is, 

uhese, 

+ A X  
CP 

(2-26) X f X  
cpPr CPO 

Be effective thrust miaallgnment i n  the p i t c h  plane is, 

(2-27) c; = cr + U(57.3) A M  / [ ‘IBct ( xr - xcg)l 
0 P 

The r i g i d  body equivalent thruet eriealigment in p i t c h  is, 
’ 

(2-28) = Pr - Zr ’ 
P P n =  

t 
pr ig  

An e f fec t ive  j e t  vane force versus def lec t ion  slope in pi tch  is, 

(2-29) = Prs + 6 A M  / [ 6, ( xcg - xc6 ) I  
Fi6p 

In the yaw plane the equivalent parameters become, 

c’ = c + ! ia /Qsd (2-30) 
npr n 

whe &re, 

(2-31) - A X  ) / i2d + C 
CP % = ( c q +Ac,) s i n . \  ( xca - x *a -0 Pr 

Yaw plane e f f ec t ive  aerodgtnamic center  is, 

(2-32) x ’  = x - = A N  / [ (  c 7 + A C : ~  as s i n  \ I  
CP cpPr H a  

The ef fec t ive  t h r u s t  misalignment i n  the yaw plane is, 

+ 12(57.3) .IN / 
* (2 -33)  

= ‘7 
Y Y 

and, 

- 
(2-34) € 7  

Yflex 

- 7 -  



The yaw p l a m  jet vaas effectiveness is, 

An ar t i f ic ia l  vird p r o f i l e  is computed in orde r  t o  account for  the  
reaidwrl moments. 
am made in the following equstiona. 
s i d e s l i p  is  obtained from, 

%all -le of a t t a c k  and linear aerodynaric aasumptfons 
First an incremental -le of a t t ack  and 

From these expressions an incremental p i t c h  and yaw component of uind is 
computed, 

(2-40) JV' 0 -V / Aa c o s y  - 57.3 s i n ?  1 
*P 

(2-41) AV' = V A f l /  57.3 
YY 

The predicted p i t ch  and yaw camponents of wind from measured values are, 

Adding the incremental e f f e c t i v e  wind ve loc i ty  components and resolving 
the vector  yields an e f f e c t i v e  wind ve loc i ty  of, 

with a direct ion,  
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Small -le aaaumptions used in them equations should remlt in 
a i g n f i f c ~ a & . e ~ r a  i f  the incremental aagle  of  attack or s ides l ip  (equations 
2-38 and 2-99) are over five ( 5 )  degrees. 
e m  a idea l ip  are printed out  eo that areas of dubious accuracy can be spotted- 

The incremental anglee of attack 

Certain other equations am used i n  this computer program t o  compute data 
w h i c h  m y  be of uee i n  poet-flight evaluatione. 
reeidual momenta uaiw only lipear atability der iva t ive8  a d  not accountiPg 
for known Jet dampiag, f in  r i aa4pme+nte ,  and cen te r  of  mas8 offaet. 
can be used in a poet-flight t r a j ec to ry  simulation program uhich does not 

These include evaluat ion of 

m y  

include them effects. 'Ihe equations f o r  the modified ree idua l  moments are: 
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This corrpter progrea i s  coded i n  ?ORTRAlI IV for a CM: CIBEB 175 eystea. 
!&e code is compatible dth AESI stardads dth the except ion of the DATA 
statements. 
mntw output. Optional p l o t t i n g  is  based on standard CILLcoI(p p lo t t e r s .  
optiooral punched card output of  r e s idua l  momenta and e f f e c t i v e  rocket motor 
thrust misa-nt is imbedded. 

It is alTaaged t o  opera te  d t h  standard card input  and line 
An 

A nain rou t ine  (STAG=) t ue lve  subrout ines  require approximately 3435 
words of computer m e p o x y .  
facilitate a wet11 fozmatted output  peging ayatem, punched card option, and 
CALCOHP p l o t t i -  fonra t .  

U1 output  i s  s tored  in array var iab le6  t o  

Program f low and uaer  i n s t r u c t i o n 8  are presented i n  t h e  f o l l o r i w  
paragraphs. 
t h e  d e t a i l e d  descr ipt ions.  

Input and output  of  a sample problem i s  i l l u a t r a t e d  along with 

Program flow i s  etraightforward i n  f i v e  baaic  p a r t s ,  

. input  data . compute time h i s t o r i e e  of  pi tch,  yaw, and m11 axes moments and 
e f f e c t i v e  c h a r a c t e r l s t i c s  . output  data on l i n e  p r i n t e r  . op t iona l  punched card output . op t iona l  CAMx)HP p lo t t ed  output 

A flow chart of t he  main rou t ine  (SAGEl) i s  presented j n  F'igure 3 .  
In t e rac t ion  of t h e  main rout ine  and t h e  twelve subrout ines  is presented in 
Figure 4. 
presented i n  F'igure 4. 
a l l  subroutine8 other than CALCOMP l i b r a r y  subrout ine8 i s  presented i n  
Appendix A. 

Blank and labeled common loca t ions  i n  the subprograms a r e  a l s o  
A complete listing o f  t he  FORTRAN program including 

Descriptions of t he  subrout ines  are presented i n  t h e  i*ollowing paragraphs. 

3.3 Subroutine Description 

Twelve subrout ines  are used t o  support  the STAGE1 main program; ACC, 
CURVE, DASH, D T B L I ,  M A ,  PAGED, PIS, PUNAID, SIMEQ, SMDF, TBLN, a d  T U U .  A 
b r ie f  desc r ip t ion  of each i s  presented below. 
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ORlGlNAL PA= 13 
OF POOR QUALIW ACC _ _  - - 

This aubroutine camputes angular a c c e l e r a t i o n  f r o m  a slope of a graphic 
d i sp l ay  of mgular rate d a t a  such as an O ~ ~ i l l o g r 8 p h  record. 
t o  be meamred in degrees f'rom the constant  gem a c c e l e r a t i o n  level as ahown 
i n  the following sketch. 

Slope is assumed 

(3-1) 

m l a r  a c c e l e r a t i o n  i a, 

8 = XKT * XKR * tan 

where, 

XKT is the paper speed ( l eng th  units p e r  second) 
XKR is t h s  scale f a c t o r  (degrees p e r  second p e r  unit l eag th )  
A 0  is t h e  s lope of the rate trace in degrees 

The cal l  statement is, 

CALL ACC 

MSWBB - 
XKB - 
m -  
IWT - 

= 
= 

(AHSWR, XKR, ET, BET) 

i npu t  s lope  i n  degrees @o), it i s  a l s o  t h e  output angular 
acce le ra t ion  i n  degrees p e r  second squared 
i s  rate scale f a c t o r  
is paper apeed o r  inve r se  of  time wale f a c t o r  
error i n d i c a t o r  
0 normal 
1 slope of 90 degrees or more encountered 
(ANSUER i a  set t o  0) 

This eubmutine sets up the  CALCOHP p lo t8  including framing, titling, and 

The 
c u m e  data preparation. 
of 8 1/2 by 11 inch pagea having a 10 I 10 t o  t h e  cent imeter  graph paper. 
ranges and labeling which are set are ahown i n  the sample problem output. 

It is set up f o r  epecif ic  R C a h  f a c t o r s  on a series 

Data t o  be p lo t t ed  i s  obtained from the  main rou t ine  through common 
blocks 'PLUT' and P2. 
linea, daehed, and dashed-dot, and l i n e s  with symbols which i s  accomplished 
with the DASH subroutine. 

The curve p l o t t i n g  includes combination8 of simple 
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The ca l l  statement is, ORIGINAL PAW 
OF POOR QUALITY 

where, 

CALL CURVE (HOPT, ILP) 

BOPT - p l o t  opt ions as f o l l o w  
BOPT = 1 p i t c h  moments 

= 2 yar momenta 
= 3 roll moment 
= 4 p i t e h  and yaw moments and t h r u s t  misalignment 
= 5 p i t ch ,  yaw, and roll  momenta, effective t h n i s t  

misalignment, wind, and these input  tables:  4, H, pitch,  
yaw, and r o l l  c o n t r o l  de f l ec t ions ,  pi tch,  yaw, and roll 
rates, and accelerat iona,  and angles of a t t a c k  and 
s i d e s l i p  

ALP - number of  time po in t s  f o r  each curve of  output tlme h i s t o r i e s  

If scales o r  p l o t  size8 o the r  than those shown are deaimd this 
subroutine would be either replaced or modified. 

This subroutine p l o t s  a curve on a CALCOHP p l o t t e r  f o r  a set or ord ina te s  
and abscissaa. 
Note t h a t  t he  CALCOMP p l o t  i s  specif ied i n  inches; p l o t t i n g  on metric paper 
requires  appropriate scaling change before enter ing t h i s  subroutine. 

The s t y l e  and type of l ine  dram is  eelected by the user. 

The c a l l  statement is, 

CALL DASH (X, Y, 1(p, Z 1 ,  22, SPACE, XSCALE, YSCALE, ISYMB, XLm, YLIM) 

where, 

X 
Y 
m 
z1 
22 

SPACE 

X S C A L E  
YSCALE 
LSYMB 

XLM 

Y ;IM 

- input a r r ay  of abscissa  values - input a r r a y  of ordinate  values - number of po in t s  i n  X and Y t o  be p lo t t ed  - f o r  daahed-dot lines t h i a  i s  length o f  long l i n e  measured 

- for dashed-dot l i n e s  this is  length of  sho r t  l i n e  measured 

- for dashed style l i n e a  t h i s  i s  the  length o f  the space between 

i n  inches (see aketch below) 

in inches (see sketch) 

l i n e s  measured i n  inches. 
SPACE = 0 gives a s o l i d  l i n e  p lo t  
SPACE = negative g ives  spec ia l  CALCOW symbols a t  each point  - abscissa p l o t  s ca l e  f a c t o r  ( u n i t s  pe r  inch) - ordinate  p l o t  s ca l e  f a c t o r  ( u n i t s  p e r  inch)  - s p e c i a l  CALCOMP symbol code number used i f  SPACE i s  negative 

- (+I ISYMB gives s t r a i g h t  sol id  l i n e s  between symbol points - (-) LSYMB g ives  only symbols a t  each point without lines - p lo t  limiting of t h e  abscissa (inches) po in t s  out o f  range, 
range will appear a t  t h i s  limit - p l o t  range o f  ordinate  (inches) 

(see code below) 
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For ease i n  u m ,  the  following styles are t y p i c a l l y  posalble,  

LINE TYPE 21 22 SPACE LSYPIB 

So l i d  -- -- 0. 0. 

Daehed 0.25 0.25 0.10 0. ----- 
Dashed 0.5 0.03 0.07 0. 
Dot 

----- 
a-4- Symbols -- -- -0.1 +2 

Q Q Q A  Smbole -0 -- -0.1 -2 
(no l ine) 

Some common symbols ava i l ab le  on CALCOMP are: 

L S Y W B = O  0 
1 0  

3 +  
4 x  

2 n  

For o the r  spec ia l  symbols see your CALCOW p l o t t i n g  package manual. 

DTBLB - 
This  subroutine performs a double t a b l e  lookup for two abscissas from a 

table arranged with absciaaae in monotonically increasing order. 
abscissa i s  cu r ren t ly  l imi ted  t o  f i v e  values and t h e  second is  l i m i t e d  t o  
f i f t y  values. 
second level.  

The first 

It uses  subroutine TBLN t o  perform the table lookup a t  t h  

The c a l l  t o  t h i s  subroutine is, 

CALL DTBLN (ORD, ABSC1, AESC2, N l ,  TABl,  B2, TAB2, TORD, M1, M2) 

where, 

ORD - 
ABSCl - 
ABsc2 - 
N 1  - 
TABl - 
A2 - 
TAB2 - 
TORD - 
M 1  - 
M2 - 

returned ordinate  t o  be found 
requested abscissa of first independent va r i ab le  
requeeted abscissa  of second independent var iable  
number of values i n  first independent var iable  array (current  
dimension limits t o  5) 
a r r ay  of abeciesas f o r  f i rs t  independent var iable  
number of values i n  second independent var iable  array (current 
dimension limits t o  50) 
a r r ay  of abscissas  f o r  second independent var iable  
two dimensioned array of ordinate  values, TORD (Nl, N2) 
index for first search of var iable  one (1 t o  I l l ) .  
index o f  located lookup i s  returned a l s o  f o r  f u r t h e r  use on next 
lookup 
index f o r  first search of var iable  two ( 1  t o  N2) a l s o  modified 
and returned f o r  f u r t h e r  uae 
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#Bxb - 
This  i n t e g e r  function subprogram finds t h e  maximum absolute value i n  an 

array of' numbera and sets it  to an i n t e g e r  value. 

The use is, 

where 

E = number of values in 'A'  array 
A = input array of' numbers 

This short  subroutine ejects a pa&e and p r i n t s  t h e  run number and page 
number on t op  of each page of printed output. 

The cal l  statement is, 

CALL P A G E D  

The run number and page number are t ransferred through labeled common 
block 'P2' . 

This subroutine determines a least squares polynomial f i t  of data 
points. 
necessary t o  obtain the polynomial coe f f i c i en t  vector. 
dimensioned for twenty da t a  po in t s  and up t o  a t en th  order  polynomial. 

It uses the  SIHEQ subroutine t o  solve the vector-matrix equation 
It i s  cu r ren t ly  

The c a l l  statement is, 

CALL PIS ( M ,  X, Y, IV, C, NER) 

where , 
N 
X 
Y 
1Q 
C 

- number of points  given - is  the given abscissa  a r r a y  - i s  the given onl inate  array - the order of the polynomial t o  be f i t t e d  - i s  the  returned polynomial c o e f f i c i e n t s  i n  ascending order,  i .e.,  
A 
Y = c(1) + c(2) x + C ( j ) X *  + 0 . .  + C ( I i + l ) X N  

BER - i s  an e r r o r  i nd ica to r  
NER - 0 matrix i s  s ingular  and cannot be inverted 
NER = 1 normal 

This subroutine prepares t h e  punched card output decks on tape u n i t  
The punched output fonnat is  f o r  use by o the r  rout ines  using a seven. 

spec i f i c  "NASA" type input format. It can be e a s i l y  modified by reprogramming 
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t o  another suitable fonaat. 
presented i n  paragraph 3.5.7. 
labeled common block “PUNEN”. 

A desc r ip t ion  o f  t he  output card images is 
Data is transferred from t he  main rout ine via 

The c a l l  statement is, 

CALL PUNAID (J, N) 

where , 
J - number code of t he  va r i ab le  t o  be punched from t he  a r r a y  mNCH(J, I) 
B - number of pointa t o  be punched 

The alphanumeric i d e n t i f i c a t i o n 8  t o  be punched on the  cards are entered 
i n  arrays ITITL, EHTITL, and N A l E  through labeled common ‘PUBSH’ . Current 
dimensions limit the  output t o  one of aix haviag up t o  two hundred points. 

SI- 

This subroutine solves  a set of l i n e a r  equations by matrix inversion 
It is cu r ren t ly  l imited t o  a tenth order  problem ( t e n  l i n e a r  

- 
techniquea. 
equations) of the f o m  

(3-2) A’X XDOT 

where, 

A - is  an KC by KC matrix of coe f f i c i en t s  
X 
XDOT - is a vector of values given 

- is a vector  of unknown8 t o  be aolved 

The so lu t ion  i a ,  

(3-3) x = A-~XDOT 

The c a l l  statement is, 

CALL SIMEQ (A, XDOT, KC, X, IERR) 

whe re, 

A 
XDOT - i s  the vector of known conatants 
KC 
X - i s  the so lu t ion  vector  
IERR - e r r o r  code 

IEBA = 1 noxmal 
I W R  - 0 matrix i s  s ingu la r  

- i s  the  matrix of given coe f f i c i en t s  

- is the older of A or number of equations t o  be aolved 

SI4DF 

This subroutine perfonns a d i f f e r e n t i  

- 
t i 0  of a ume defined by a set of  

points. 
values. 
der ivat ive of t h i s  polynomial i s  then computed. 
and SImEQ subroutines t o  compute the least squares polynomial curve fit. 

I t  f i r a t  a e 6 c t s  the appropriate number of po in t s  from a table Qf 
It then fits a least squares polynomial t o  these points.  The 

This subroutine uses t h e  PLS 
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ORIGINAL PAGE M1 
OF POOR QUALITY 

The f i t t ed  polynomial i b  of the  fOm, 

(3-4) ? = A(l)  + A ( 2 ) X  + A(3)X2 + ...Id(lOR+l) XNoB 

The first de r iva t ive  'Y '  with reepect t o  'X' at  X = 'H 

The c a l l  statement is, 

CALL SKOF (HT, T, M, HP, NOR, TD) 

where , 
I T  - is  t h e  number of  values i n  the 'T' a r r ay  
T - i s  the a r r ay  of input  of alternatiw X, Y values  arraPged i n  

TM - is t h e  abacieea value a t  which the  de r iva t ive  i s  t o  be computed 
Iyp - t he  number of  l o c a l  po in t s  equally spread about the abscissa t o  

MOR- i a  t h e  order  of t he  polynomial t o  be used in t h e  least squares 

TD - is t h e  de r iva t ive  computed a t  the  abscissa  'TH' by t he  above 

ascending order  of X 

be used i n  t h e  curve f i t  

f i t  of 'Y'  versus 'X' 

procedure 

This is  a single table lookup subroutine using l i n e a r  i n t e r p o l a t i o n  
between points. 
ordinates. 

This 8 U b r O U t i N  requires  separate  a r r a y s  of  abscissas and 
The abscissas  must be i n  ascending order,  

The c a l l  t o  t h i s  subroutine is: 

CALL TBLI (Y, X, T, A, I T ,  M) 

Y - is  t h e  ordinate  t o  be found 
X - is the given absciaaa. 
T - i s  t h e  absciasa table. 
A - i s  the corresponding ordinate  table. 
I T  - i s  t h e  number of values in each table. 
I - i s  a current  l oca to r  f o r  the search of t h e  table .  'M' must 

be greater than sero and less than or equal t o  'IVT'. 
r e tu rns  the current  lozat ion found f o r  the  abscissa and should 
be used f o r  the next lookup of the same table t o  reduce the  search 
time 

M 
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TBLU - 
This is a l s o  a s i n g l e  table lookup. I t  is based on l i n e a r  i n t e r p o l a t i o a  

betueen po in t s  for a single array having a l t e r n a t i n g  va lues  of abscissas and 
ordinates. The abscissas must be i n  ascending order. 

The ca l l  t o  this subroutine is: 

CAL', TBLU (ET, Y, X, T, H) 

IT - number of values  i n  table 'T' -ncluding abscissas and olldinates. 
Y - is the  o rd ina te  t o  be found. 
X - is  the given abscissa. 
T - is the table of alternating abaciaeae and c . :mtes. 
H - f a  the table l o c a t o r  described under 'TBLI Ve rn 

3.4 Input Data Description 

Input data d e s c r i p t i o n s  are preaented in the following aubparagrapha. A 
sample problem input  data listing i s  preaented i n  Figure 5 for reference.  
Input data can be separated i n t o  eleven (11) basic groups: 

tables of predicted aerodynamic c o e f f i c i e n t s ,  
run opt ion and arbitrarg output t i t l e  canla,  
tables of rocket booster parameters, 
tables of mass propert ies ,  
t ra jec t o xy var i ab le  8,  
wind p r o f i l e ,  
drag, angles of  attack and s i d e s l i p ,  
telemetered vehicle  data - p i x h  yaw and r o l l  acce l e ra t ions ,  rates 
and con t ro l  su r f ace  de f l ec t ions ,  
single constants. 
output time increment 8 ,  

op t iona l  CALCOHP p l o t  input  data 

3.4.1 Aerodynasic Coef f i c i en t s  

Aerodynamic c o e f f i c i e n t  tables are read in f ie lds  of t e n  ( l o ) ,  eight ( 8 )  
values t o  a card. 
used. 
the number of numbers t o  be read. It i s  located i n  the first ten columns a n i  
i s  r igh t  j u s t i f i e d .  
table of the f i r a t  independent va r i ab le ,  (2 )  a s i n g l e  table of the second 
independent var iable ,  and (3)  the  dependent variabia.  
sample input. 

Unless specif ied otherwise, a format of (110/(8E10.3)) i s  
Each table is  load by a card containing an i n t e g e r  number i den t i fy ing  

(1)  the s i n g l e  Double tables are read i n  thrse phases: 

Refer t o  Figure 5 for a 
The following order  o f  input is used. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

XQT 

NXlUT 

CESCRI =ION 

number of values o f  dynamic 
pressure f o r  double tables 
(AVAST, CnQlT, CMQZP, aad 
XCPT 

4ynamic pressuree abeciaoa 
Gable ( 5  max) 

number of values i n  Mach 
number abscissa  t a b l e  f o r  
CIILST 

t a b l e  of Mach numbere f o r  
CllAST t a b l e  (50 m a x )  

normal fo rce  c o e f f i c i e n t  
slope times reforence area 
f o r  f,rat dynamic pressure 
and a l l  k,.d numbere 
normal fo rce  coe f f i c i en t  
slope a t  second dynamic 
preseure 
normal fo rce  c o e f f i c i e n t  
elope a t  l a a t  value of 
dynamic pressure 

The next t ab le  i a  a dcublz t sb le  f o r  the  p i t c h  damping de r iva t ive  about a 
The first abscissa (dynamic preseuree) must be as specif ied reference (CG1). 

input above. The lead card f o r  this t a b l e  includss  the i n t e g e r  number of Wach 
n i b e r a  and the  f l o a t i o g  point value of (CC1). 
E10.3 

FORTRAB NO. OF 
SYMBOL - VAU'53 - NAME 

NXMZT, C G 1  2 -- 

NXM'JT, CC2 2 

UNITS 

(-, inches) 

- 

(-, inches) 

It  i s  read with format (110, 

DESCRIPTION 

number of Mach number,. 
f o r  CMQlT table, and 
reference s t a t i o n  f o r  CHQlT 

Mach ambers  for CMQlT 
tabie (50 m a r )  

aerodynamic dempiq 
de r iva t ive  about C G 1  a t  
f i r e t  value of dynamic 
preesure 

aerodynamic damping 
d e r t i v a t i v e  about CC1 a t  
laet  value ob dynamic 
preseure 

number of Mach numbers and 
reference s t a t i o n  f o r  CMQ2T 
table 
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BXF?4T 1 

Im4T HXU4T 

XCPT ( 1, -1 llXn4T 

XCPT( IVXHIT, -) NXM4T 

Mach numbers for CI4Q2T 
t a b l e  (SO max) 

aerodynamic damping 
de r iva t ive  about CG2 at  
first value of dynamic 
pre88UXV 

aerodynamic damping 
de r iva t ive  about CG2 a t  
last value of dynamic 
pFe8SUm 

number of &ch numbers for  
XCPT t a b l e  

Hach numbers f o r  XCPT t a b l e  
(50 mar) 

aerodynamic c e n t e r  taSle a t  
first value of dynamic 
pressure 

aerodynamic cen te r  t a b l e  a t  
last value of  dynamic 
pressure 

The remaining aerodynamic table8 are single t a b l e s  having a l t e r n a t i n g  
valutrs ot  abacissas and ordinates. 
i n t ege r  number of values in the table.  
as  t w o  values. 

Each t ab le  is preceded by a card having an 
Each ordinate-abacissa p a i r  is counted 

The format is (110/(8E1OO3)). 

? O R M  BO. OF 
N M B  

NT1 1 

VALUES ORDINATE UNITS ABS2 ISSA - - 
-- -- -- 

CNDST lVT1 c%s (ft2/deg) Mach 

c LEST N T2 CL,S (ft2/deg> Hach 

DESCRIPTION 

number of  values 
in CNDST (50 max) 

aerodynamic 
control  surface 
normal force 
coe f f i c i en t  p e r  
degree de f l ec t ion  
(one su r face )  
number of values 
in CLEST (50 max) 

iccremental fin 
l i f t  coe f f i c i en t  
per degree of 
misa:ignment 
times Faference 
a rea  



ORlGUyAL PAGE I3 
OF POOR QUALITY 

80. OF 
VAIIiEs 

1 

- 

Erg 

1 

ET4 

1 

M'iS 

1 

rJT6 

-- -- -- N T 8  1 

DZCGT N T 8  (inche s) %wcons 

DkSCBIP¶'IOII 

number of valutia 
in X C p I l f f  (50 mu) 

f ixed f i n  cen te r  
of pressure body 
a t a t i o n  

number of  values 
in gPnsP (50 nax) 

thntat mia- 
elie-zPent 
f l e x i b i l i t y  
coe f f i c i en t  due 
t o  aerodynaaic 
load a 

number of  values  
in DC1B (50 nmx) 

mn-linear 
increaentai 
noma1 fozce 
coe f f i c i en t  
v e r a  a 
aerodynamic angle  

nmber  of values  
in DXCPT (50 laax) 

i nc rernental 
change i n  
aerodynamic 
center  due t o  
aerodynamic angle  

number of values 
i n  C'MOT! (50 max) 

pitching moment 
coe f f i c i en t  s t  
zero angle of 
a t t ack  

number of value 8 
i n  DZCGT (20 m a x )  

center  o f  maas 
o f f s e t  in p i t c h  
plane versus 
percent 
propellant 
co nsuma d 
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ORIGINAL PAX $3 
OF POOR QUALITY 

BO. OF 
VALUES ORDIEATE UNITS ABSCISSA - - 

3.4.3 Run Option and Arbitrary I d e n t i f i c a t i o n  

DBSCIUPTIOE 

number of  values  
in CaoT (50 mu) 

yawing moment 
c o e f f i c i e n t  at 
seco angle of 
s i d e s l i p  

number of value8 
in DYCGT (20 max) 

c e n t e r  of mas 
o f f s e t  in y a w  
plane vereus 
percent 
propel lant  
coaaumed 

number of values 
in CLOT (100 max) 

r o l l i n g  moment 
c o e f f i c i e n t  

number of  values 
in CLERST (50 mar) 

r o l l i n g  moment 
coe f f i c i en t  per 
degree f i n  
laisalignment 
times reference 
area and length 

number of values 
i n  CLPT (50 mar) 

r o l l  damping 
moment de r iva t ive  
times reference 
area and square 
of reference 
length 

The second group of input da t a  include4 fou r  cards. 
contains f i v e  in t ege r s  which def ine the run options and run numbers. 
are read i n  f i v e  f i e lds  of  t e n  and must be r igh t  j u s t i f i e d .  

The first o f  these 
These 

Thsse are: 
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ucc  

?IAACP 

WLOT 

20 

40 

a n  arbitrarg rua number mcb 
i e  pri 3ed a t  t h e  top  of sac& 
page of output. 

option for  angular accele- 
ration input, 
ifACC - 0, 

mcc = 1, 

W l a r  accelem.ico 
illput i n  dQ,reef3 per  
second squared 

rate trace slope in 
deg~ee8 and paper 
scale faators are 
used t o  campute 
angular accele- 
ratio- (see 890- 
rout ine ACC i n  3.3) 

VB-8 t h e .  

option for d i f f e r e n t i a t i o n  
o f  rate by least equares 
polynomial 
BIAACP = 0, acce le ra t ions  o r  

rate trace Slope8 
S U 8 t  be ingu t  

HAACP - 1, rate data is 
d i f f e r e n t i a t e d  
U8ing !3fDF sub- 
routine. limber o f  
point8 and poly- 
nomial o rde r  rust 
be reed instead of  
acce le ra t ion  table 

con t ro l  i n t e g e r  for op t iona l  
puxhed card output 
NPUHCH - 0, no punched ca rds  
KPUHCH = 1, punched cards  i n  

"BIASA Input" 
f o w a t  are outvut 
(see sample 
problem output) 

con t ro l  i n t e g e r  for optional  
CALCOMP p l o t  output 
NPLOT = 0, no p l o t  
WLOT = 1, gives specif3c 

CALCOHP p lo t t ed  
output. If used 
group 11 input  data 
must be used 
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The next three cards contai-. a r b i t r a m  title data in columns 1 through 
This i n f o m a t i o n  is print- on the top  of each page of line p r i n t e r  72. 

output. There m u s t  be three cards even i f  blank. 

3.4.3 Tables of Rocket Booster Parameters 

This  roup of i npu t  data includes the rocket booster t h r u s t  and propel lan t  
weight reOaini- t h e  h i s t o r i e s ,  t he  predicted p i t c h  and yaw component of 
t h r u s t  miaali@ment and the rocket con t ro l  foxit parameters (such a8 j e t  
lift effectiwenesa parameters). Each table is input  with an (110/(8E10.3)) 

a, 

Uost tablea have alterma++ *-hies 
of abecisaas and ordinates. 

FORTRAl! 
IBlIE 

NT14 

TVAiT 

NT20 

TACT 

?IT 19 

PPC 3 

NT28 

Zl!P!T! 

ST33 

ETYT 

1110. OF 
VALugs 

1 

- 

AT14 

1 

I T 2 0  

1 

AT19 

1 

NT28 

1 

NT73 

ABscIs.sA 
- . I  u 

-- 

time 

-- 

time 

-- 

time 

-- 

time 

-- 

time 

-- 

DBSCRIPTIOB 

number of values  
in TVACT (100 m a )  

vacuum thrust 
versus  time 

number of values  
i n  TACT (100 m a x )  

a c t u a l  t h r u s t  
versus  time 

number of values  
in PPCT (100 nax) 

booster 
propel lant  weight 
remaining versus 
time 

number of  values  
i n  ETPT (20 max> 

predicted p i t c h  
component of 
t h r u s t  
misalignment 

number of values  
i n  ETYT (20 m a )  

predicted yaw 
component of 
t h rus t  
mise lignment 

number o f  values 
in ALTT (20 max) 



EAT 

A 

1 

BAT 

-- 

ai 

DESCRIPTIOII 

booster c o n t r o l  
independent 
var i ab le  of 
polynomial form 
(see EQuation 
2-16) 

booat c o n t r o l  
b 6 . S  je t  vanes) 
p o r n d a l  
coe f f i c i en ta  f r o m  
rem order t o  
highest order 
(see Equation 
2-16) 

3.4.4 Tables of Mase Prope r t i e s  

"hie group includes t h a  cen te r  of mass and moments of i n e r t i a  versus 
percent of propellant consumed. 
shown i n  t h e  sample problem (Figure 5 ) .  

These are input  v i t h  format (110/(8E10.3)) as 

FOBTRAlV 
BdwE 

a ~ 2 3  

XC GT 

HT22 

HYYT 

NU7 

XIMT 

BO. OF 
V A m  

1 

- 

ET23 

1 

IT22 

1 

B737 

ORDIBATE DESCRIPTIOB 

number of values 
i n  XCGT (20 mar) 

cen te r  of mass 
s t a t i o n  versus 
percent of  
propellant 
consumed 

number of  values 
i n  X I y y T  (20 max) 

p i t c h  or yaw 
moment of i n e r t i a  
versus percent 
propellant 
consumed 

number of values 
i n  XIm (20 max) 

r o l l  uoment of 
i n e r t i a  versus 
percent 
propellant 
consumed - 24 - 



ORIGINAL PA2Z 12 
* F  POOR QUAilW 

3.4.5 Trajectory Variables 

Thia group includes six t r a j e c t o y  parameters. They are entered with 
format (110/8B1003!)0 

PORTRAB 
E M  

NT16 

QT 

HT17 

VT 

NT18 

XMNT 

NT42 

GAMM 

NT39 

Z RT 

NT38 

ALTl 

NO. OP 
V A m  

1 

- 

HT16 

1 

I T  17 

1 

IT18 

1 

9T42 

1 

NT39 

1 

NT38 

V 

-- 

Mach BO. 

i 

h 

-- 

( 1 bs/ f t2 ) 

( f t / s ec )  

3.4.6 Wind 

ABSCISSA 

-- 

time 

-0 

time 

-- 

time 

-- 
time 

-- 
time 

-0 

time 

Pro f i l e  

DlESCBIPTIOlD 

number of va lues  
in QT (600 max) 

dynamic pressure 
time h i e t o r g  

number of values  
in Vl! (600 mar) 

r e l a t i v e  air 
veloci ty  versus 
time 

number of values  
in XMNT (600 max) 

h e h  number 
versus time 

number of  values  
i n  GAMM (600 max) 

f l i g h t  path angle 
versus time 

number of values 
i n  ZRT (600 max) 

r e l a t i v e  asimuth 
versus time 

number of  values  
Ln ALTl (600 max) 

a l t i t u d e  versus 
time 

The wind speed and d i r ec t ion  are entered veraus a l t i t u d e  with format 
(110/(8E10.3)). 
time his tory above. 

The a l t i t u d e  u n i t s  must be consis tent  v i t h  the input  a l t i t u d e  
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ORIGINAL PAGE E 
OF POOR QUALln 

OF 
VALUE9 ORDIIATE - 
1 

HT40 

1 

ET41 

UYITS ABSCISSA - 

( ft /aec 1 h 

WITS - 
-0 

(k i lo-  
feet ) 

-- 
(k i lo-  
feet) 

3.4.7 Drag, Angles of  Attack and S i d e s l i p  

These tables are input  with a f o r m a t  (110/(8E10.3)). 

FORTRAB 
NAME 

ET21 

D U G T  

IT27 

ALPHAT 

NT32 

BETAT 

EO. OF 
V A W  

1 

- 

IT21 

1 

NT27 

1 

NT32 

ABSCISSA UNITS - ORDIBATE U N I T S  - 

P time 

D E S C R I P T I O N  

number of values 
i n  WH (600 mar) 

wind, epeed 
veraua 
Rltitude 

number of values  
i n  ZVH (600 mar) 

wind azimuth 
versus a l t i t u d e  

D E S C R I P T I O N  

number of values  
in DRAGT (600) 

vehicle  drag 
versus time 

aumber of values  
i n  ALPHAT (600 

) 

angle o f  a t t a c k  
versus time 

number of values  
i n  BETAT (600 
max 1 

angle of 
s i d e s l i p  versus 
t i n e  
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Time h i s t o r i e s  of angular  acce lera t ions ,  rates, and con t ro l  sur face  
def lec t ion8  are input .  Pi tch,  yaw and ro l l  angular acce le ra t ions  may be input  
i f  t he  appropriate  opt ion was selected (aee 3.4.2 above). Options include (1) 
input  of a 
factor or, "$" 3) input  numbem of  po in t s  and polynomial order  for a l e a a t  aquares 
polynomial curve f i t  of rate data f o r  d i f f e ren t i a t ion .  

(If IMCP = 0, SACC = 0, input  f o w a t  (Il0,2El0.3/(8EX0.3)) 

lar acce lera t iona ,  (2) input  of rate trace Slope8 and s c a l e  

.. 
THEDDT NT24 e (deg/sec2) time (set) 

( I f  BMCP = 0, BACC * 1, rate t r ace  scale f a c t o r s  and s lopes)  

BT24, PKTH, PKm 

DESCRIPTION 

number of valuea 
in t h e  THEDDT 
(600 max) 

p i t c h  asgular 
acce le ra t ion  
versus  time 

number of values  
i n  THEDDT (600 
m=) 
PKTH - p i t c h  rate 
t r a c e  s c a l e  
f a c t o r  
(deg/aec/inch) 
PKTM = p i t c h  
r a t e  t r a c e  paper 
speed 
(inches/sec) 

p i t c h  rate t r ace  
s lopes  versus  
time (see  ACC 
subroutine, 
Sect ion 3.3) 

- 
(If NAACP - 1, angular aLdeleration not read, see SMDF subroutine Sect ion 3.3) 

N P C Z T ,  BOW (Format 2110) mCFP = number 
of po in t s  used 
f o r  polynomial 
curve f i t  (20 
m-1 
NOW = order of  
polynomial t o  be 
used for 
d i f f e r e n t i a t i o n  
o f  p i t c h  r a t e  
t r ace  (10 th  
order  mar) 
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ORIGINAL PAGE IS 
R UALm 

The next two tables are inpu !% a 8  optioaa 

NT25 _.. .- 6 (deg/eec) time 
.I- 

/ 

THEDT 
, 

PFIHT NT26 $ (degrees) time 

The yaw 
next in t he  

( I f  NAACP = 

with format (IlO/(8ElO.3)) . 

number of values 
in THEDT (600 
maX 1 
p i t c h  rate 
veraua time 

nuuber of values 
in PFIFP (600 
-1 
p i t c h  component 
of cont ro l  
aurfsce 
def lec t ion  
versus time 
(assumed average 
of  two sur faces)  

angular accelerat ion,  slopes o r  curve f i t  constants a r e  read i n  
same w a y  as deecribed f o r  p i tch  above, i.e., 

0, NACC = 0) 

POETRAN I O .  3F 
NlLME ABSCISSA UIVITS DESCRIPTION - VALUES ORDINATE UNITS - - 
IVT29 1 -- -- -- -- number o f  values 

in PSIDDT (600 
mam: 1 .. 

PSIDDT IT29 JI (deg/sec2) time (sec)  yaw a2lgular 
accelerat ion 
versus time 

(If  NAACP = 0, NACC = 1, read r a t e  t race sca le  f ac to r s  and slopes) 

fT29, YKTH, YKZW (format (110, 2E10.3) 

PSIDDT NT29 VJ !deg) time 

number o f  values 
i n  PSIDDT 
YKTH = yaw r a t e  
t race sca l e  
f ac to r  
(deg/aec/inche s) 
YKTM = yaw r a t e  
t race  paper 
speed ( i d s e c )  

(sec)  yaw r a t e  t race 
s lopes  vereus 
time 
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(If NAACP = 1, read i n  number of  po in t s  and order  o f  polynomial for 
d i f f e r e n t i a t i o n  of yaw rate data by SXDF subroutine) 

IYPCFY, NORY (Fbzmat 2110) 

!The next two tables are read i n  regardlees o f  option. 

FORTRAN 190. OF 
ABSCISSA m1TS -- E r n  VALUES ORDIHA'PEl - UNITS - 

PSIDT HT30 4 (deg/sec) time (sec 1 

YFINT IT31 6, (degrees) time (set) 

In similar faehion t h e  r o l l  al3gular accelerat iona,  r a t e s  
are input. 

(IF NAACP - 0, NACC - 0) 

FORTRAN I O .  OF 
NAME ABSCISSA UNITS - VALUES ORDINATE UNITS - --  

PHIDDT NT34 z ( deg/sec2 ) time (see) 

IWCFY - number 
of po in t s  for 
least square 
curve f i t  
NOBY = 
polynomial o r d e r  

D B C R I P T I O N  

number o f  values  
i n  PSIDT (600 
maJ) 

yaw rate versus 
time 

number of  value 8 

i n  YFIm (600 
=x 1 
yaw component of 
control  surface 
de f l ec t ion  
versus time 
(average of two 
surfaces  i s  
assumed) 

and de f l ec t ions  

DESCRIPTION 

number o f  values  
in PHIDDT (600 
max) 

roll angular 
ac ce lera t i on  
versua time 
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(If NMCP * 0, BACC = 1, read in r o l l  rate trace slopes and acale  f ac to r .  

IVl34, RKTH, RKIW. (format '110, 2E20.3)) number of values 
in PHIDDT (600 

RKTH = r o l l  rate 
trace scale 
f a c t o r  
(deg/aec/inche a> 
RKlM - rate 
trace paper 
speed 
(inches/sec) 

-X 1 

(de81 time (aec) r o l l  rate trace 
elope veraue 
time 

PHIDDT am4 Q 

( I f  NAACP - 1, polynomial curve f i t  information f o r  MDF) 

IIPCFB, BORR (format 2110) IVPCFR = number 
of ;2 in t a  for 
curve f i t  
NORR = order of  
polynornia 1 

The follow5ng two tables are input  regardless  of acce le ra t ion  options. 

FOR!PRAN BO. OF 
JAME VALUES ORDINATE - UNITS A B S C I S S A  - U N I T S  DESCRI PTI - - N 
N T 3 5  1 -- -- -- -- number o f  valuee 

i n  P H I D T  (600 
m a f  ) 

PHIDT N T 3 5  i (deg/aec) time (sec) roll rate versus 
time 

N T 3 6  1 -- - -  -- -- number o f  values 
in RFINT (600 
mar 1 

R F I N T  N T 3 6  6, ( d e d  time (sec) roll con t ro l  
surface 
de f l ec t ion  
versus time 
(average of  two 
surfaces  is 
assumed) 

ORIGINAL PAGE 13 
OF POOR QUALIW 
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3.4.9 Single Constantb 

Two ca rds  of  conetants are read i n  t h i s  group using a Format (8E10.3), 
i.e., e igh t  value8 p e r  c a d  in f ie lds  of  t e n  columns. 
descr ipt ion are, 

The order,  unite, and 

EFIlOP 

EFINY 

EFI NR 

XT 

XD 

XF 

XE 

RTIP 

RJV 

XISP 

S 

D 

T"!4M03E 

TIME 

Xe 

R t l p  

Rr 

S 

d 

Kti 

t 0  

(degree e) 

\degree 8 )  

(degree s) 

(inche a) 

(inche e) 

(inche 3) 

(inches) 

( f e e t )  

( f e e t )  

(sec) 

r' c 
DESCRIPTIO H 

sum of p i t c h  component of 
f ixed fin misalignment ( i  . e., 
If the re  are two p i t c h  f i n s  
one miaaligned + 0.1 degrees 
and o the r  -0.04 degrees the 
value + 0.06 i a  entered)  

am of yaw component of  f ixed 
f i n  misalignment 

8um of r o l l  component o f  f i xed  
f i n  misalignment 

body s t a t i o n  o f  rocket nozzle 
th roa t  (assumed point of 
ac t ion  of thmst misalignment) 

body s t a t i o n  of con t ro l  f o m e  
a c t i o n  

body s t a t i o n  of f ron t  o f  
rocket motor chamber (used i n  
j e t  damping) 

body s t a t i o n  of  nozzle e x i t  
plane (used i n  j e t  damping) 

radial  loca t ion  of aerodynamic 
con t ro l  force from cen te r l ine  

radial locat ion of rocket 
motor controls ( j e t  vaues, 
gimbaled nozzles, e tc .  1 

rocket motor spec i f i c  impulse 
used i n  je t  damping ca l cu la t ion  

aerodynamic reference area 

aerodynamic reference l e n g t h  

coe f f i c ipn t  o f  f l e x i b l e  t h r u s t  
misalignment induced by 
control  force 

i n i t i a l  time t o  s tar t  problem 
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ORIGINAL PAGE 19 
304.10 Output Time Increments OF POOR QUALV 

More than one mtep siee can be used f o r  output. For instance, If one o r  
more spec i f i c  area8 of f l i g h t  require  higher density output t h e  end t l m a  and 
increment of eech 01 rhese groups oan be epecified by the CTIME and DTm 
arrays. The number of groups and t h e  CTME and DTIME emaye a m  ente.yad w i t h  
a format (110/(8ElO. 3)) 0 

F' GPS sumber of chalrgea i n  outpdt 
increment (20 m a x )  

alternating values, 
CTME = time of c h w e  o r  end 
o f  time group 
DTIHE - time increment t o  be 
used f o r  output up t o  end of 
time group CTIME 

3.4011 CALCOMP Plot  Information 

When CALCOKP p l o t s  are desired (I4PLOT = 1) certain m i n i m a l  i M o m a t i o n  is 
input. 
printed on the CALCOMP header preceding the first plot .  

The first input i e  a n  80 column card of alI\anl;meric i d e n t i f i c a t i o n  
mi6 i s  read with a 

These are, 
format (BAlO) 0 

The l a s t  card reads two var iable8 with format (-10, =X, A s ) .  
NOPT - an i n t e g e r  option n .nber 

NOPT = L 
IOPT = 2 
NOPT * 3 
NOPT = 4 - p l o t s  p i t c h  and yaw moments, e f f e c t i v e  th rus t  misalignmant 

IOPT - 5 

- p lo ta  p i t ch  moments only - p l o t s  yaw momenta only - p l o t s  roll moments only 

and winds 

data f o r  def lect ions,  a, p ,  ratee, accelerat ions,  Mach 
number, and dynamic preseure. 

- p l o t s  var iab les  for NOPT = 4 plue r o l l  momente and input 

IPMT - f i v e  ( 5 )  column alphanumeric vehicie  i d e n t i f i c a t i o n  t o  which 
is  Included in the heading of each CALCOMP p lo t .  
the  slample problem this I s  (S-19;) 

Notice i n  

3,5 Output Data Description 

The output includes line p r i n t e r  output of ? i t ch ,  yaw and r o l l  da t a  4s 
well a8 opt ional  punched card output of  elected parameters ( i f  NF'UNCH - 1). 
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The following arrangement of  l i n e  p r i n t e r  output occurs which can be seen i n  
figure 6 f o r  the  sample problem. 

. p i t ch  parametere - (continued) 

yaw parameters - (continued) 
wid m e t e r s  
r o l l  parametera 

p i t ch  parameters - firat pee9 f0-t 

yau parametera - first page format 

The top of each page of output contains  the apecified run number, page 
number and the three cards of h o l l e r i t h  information rhlch appeared i n  the  
input. De ta i led descr ipt iona o f  these outputs follow. 

3.5.1 Pitch Parameters - First Page Format 

The first page format includes the  folloviLg var iables ,  

TITLE SrnOL 

TlNE t 

- 
DELTA - M A M  

M ( CONTROL) *6 

PI( ETFLT) 

M ( PRIME) AM' 

DESCRIPTIOB 

time 

res idua l  pi tching moment 
(Equation 2-20) 

aerodynamic pi tching moment 
(Equation 2-4) 

p i t c h  con t ro l  moment 
(EQuation 2-17) 

p i t c h  i n e r t i a l  term (reversed 
e ffec t ive torque ) 

p i t c h  je t  damping term 
(Equation 2-10) 

p i t c h  moment due t o  cen te r  o f  
mass o f f s e t  
 quati ti on 2-10) 

pitching moment due t o  
f l e x i b i l i t y  induced t h r u s t  
mj aa l igment  
(Equaticna 2-10 & 2-14) 

residual pitching moment not 
includixig non-linear 
aerodynamics, f i n  
misalignment, cent er-o f *pass 
offset o r  j e t  damping 
(Equation 2-46) 
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p i t c h  caaponsat of t h rue t  
misalignment induced by 
structural f l e x i b i l i t y  
(Equation 2-14) 

ET( BIGID)  p i t c h  coepomnt of thruet 
aiaaligarent excluding 
f lex ib i l i ty  

' r i g  

ETmm 

(XCG - XCP) 
e f f e c t i v e  thruot  miealigrment 
based on H(MUHB) 

static nmrgin 

3.5.2 Pi t ch  Parametera (Continued Page) 

A second output f o w a t e d  page for p i t c h  axis parameters includes the  
f ollowiog, 

TITLE 

TIHE t 

STHlXlL D B C B I P T I O H  - - 

N m m )  

time 

aerodynamic pitching moment 
due t o  angle of attack 
(Equation 2-4 f i r s t  term) 

aerodynamic Fitching moment a t  
zero angle o f  a t t a c k  
(Equation 2-4 1 

aerodynamic pi tching a m e n t  
due t o  fin misalignment 
(Equation 2-41 

M (DAMP) aerodynamic p i t ch  damping 
moment 
(Equation 2-4 last term) 

predicted aerodynamic pi tching 
monmnt coe f f i c i en t  
(Equation 2-24) 

e f f e c t i v e  aerodynamic ? i t ch ing  
moment coef f i c i e 9 t  
(Equation 2-23) 

X C P ( P R g D ) P  

XCP( EFF)P 

xcPp, 

I C P  
I 

predicted aerodynamic cen te r  
(Equation 2-26) 

e f f e c t i v e  aerodynamic cen te r  
i n  the  p i t ch  plane Sased on 
residual  momenta 
(Equation 2-25 1 
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E "p e f f e c t i v e  p i t c h  component of 

(Equation 2-27) 
t h rus t  8li@di@ment 

e f f e c t i v e  value of rocket 
motor control (jet  v a n e d  
effectiveness in p i t c h  
(Equation 2-29) 

e 

predicted e f f ec t iveness  of  
rocket motor c o n t r o l s  ( j e t  

(Equation 2-16) 
V a m  8) 

3-5.3 Yaw Parametera - Firat Page Fowat  

The yaw moments and o t h e r  yaw characteristics are output on two page 
formats. 

TITLE 

TIWG t 

DELTA-H A E  

The first page haa the  following parameters, 

SntBOL DESCBI PTIOB - - 
time 

residual yawing moment 
( R u a t i o n  2-21) 

19 (CONTROL) *s 

n( ETErLX) 

I (PRIME) 

aerodynamic yawiw moment 
(Equation 2-5)  

yaw con t ro l  moment 
(Equation 2-18) 

yaw i n e r t i a  term or ' reversed 
e f f ec t ive  torque' 

yaw je t  damping moment 
(Equation 2-11) 

jawing moment due t o  cen te r  of  
mass of fae t  Jy 
.:Quation 2-11? 

yawing moment due t o  t h r u s t  
misalignment induced by 
vehicle  f l e x i b i l i t y  
(Equations 2-11 & 2-14) 

res idual  jawing moment p lus  
center  of nass o f f a e t ,  j e t  
damping, and f i n  misalignment 
(Equation 2-47> 
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SMBGL - 
flex yaw component of thruet 

riaalignment Induced by 
atructural f lex ibi l i ty  
(Equation 2-14) 

y a w  campooazlt of  thruet 
mimlignwnt exclusive of 
flexibility 
(Quation 2-13) 

yaw component of thruet 
mieal@ment based on a' 

effective total thnret 
misaligmareat (vector em of 
pitch and yaw colpponents) 

3.5.4 Yaw Parameters (Continued) 

A second page forsrat of yaw parameters includes the following, 

D B C R I P T  IO8 -- 
time 

crerodynamic yawing moment 
chaqge due t o  angle of 
a i d e s l i p  (first tern i 3  
Equation 2-51 

aerodynamic yawirrg moment a t  
aero s i d e e l i p  
(2nd term Equation 2-5) 

yaw aerodynamic damping 
moment 
(4th tern Equation 2-5)  

predicted aerodynamic yawiog 
moment c o e f f i c i e n t  
(Equation 2-31) 

e f f e c t i v e  aerodynemic yawing 
moment coe f f i c i an t  
(EQuation 2-30) 

predicted aerodynamic cen te r  
(Equation 2-26) 

e f f e c t i v e  yaw component of 
t h rus t  misalignment 
(Equation 2-33) 
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ORIGiNAL PAGE fS 
OF POOR QUALITY 

S n m L  
I 

qj 
DESCHIPTION 

e f f e c t i v e  value of rocket 
motor con t ro l  ( j e t  vanes) i n  
Yaw 
(Equation 2-35) 

predicted value of rocket 
motor con t ro l  e f f ec t iveness  
( je t  vanea) 
(Equation 2-16) 

3.5.5 U i n d  Parameters 

A page f o w a t  of  wind related parameters includes,  

TITLE 

TIXE 

ALTITUDE 

-m VELGCITY 

DELTA UIlpD 
V3L 

KIND 
3IBECTIOB 

EPFECTIVE 
i f IYD DIR 

3ELTA ALPHA 

3ECTA BETA % 

DBCBIPTIOB 

time 

a l t i t u d e  i n  k i lo fee t .  

wind ve loc i ty  as input  

e f f e c t i v e  wind ve loc i ty  
(Equation 2-44) 

incremental wind v e l c c i t y  
necessary t o  n u l l  residual 
moments i n  p i t c h  and yaw 
(Equations 2 4 0  aad 2-41) 

wind d i r e c t i o n  (azimuth) a s  
input 

e f f e c t i v e  d i r e c t i o n  of V', 
(Equation 2-45) 

incremental change i n  angle o f  
attack necessaly t o  null 
r e s idua l  p i t ch iag  moment 
(Equation 2-38) 

incremental change i n  angle of 
s i d e s l i p  necessary t o  null 
r e s idua l  yawing moment 
(Equation 2-39) 
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A page f o w a t  of roll parameters includes,  

SYMBOL - TITLE 

TI3I.B t 

DELTA-L AL 

- 

L( comrra~) Ls 

CL(EFP) c; 

L(AEROP) 

CL( EFFP) 

I)ELTA-LP 

DESCRIPTIO A 

t h e  

r e d d u a l  roll moment 
( Q u a t i o n  2-22) 

aerodynamic rolling moment 
(Equation 2-6) 

roll control moment 
(Equation 2-19) 

roll i n e r t i a  moment or 
rsveraed-effective-torque 

e f f e c t i v e  aerodynamic rolling 
moment coe f f i c i en t  
(Equation 2-36) 

aerodynamic r o l l i M  moment 
excluding f i n  miaalignment 
( &pation 2-22) 

e f f e c t i v e  aerodynamic r o l l i n g  
moment based on r e s idua l  
moments including f i n  
misalignment 

residual r o l l i n g  moment p lus  
fin misalignment term 
(Equation 248) 

3.5.7 Punched Card Output 

When the  punched card output option is  used r e s idua l  moments and e f f e c t i v e  
th rus t  miaalignment is punched i n  the 'NASA-INPUT' format shown i n  Figure 7.  
This output is from the sample problem. The output tables include, 

SYMBOL OUTHTT NAME: D E S C R I P T I O N  - TITLE 

T I M  t 

- 
TAUM time (seconds) 

PITCH AM D P I T C H  
MOMENT 

r e s i d u a l  p i t c h i n g  moment 
( f t - l b s )  
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S m O L  - TITLE - 

YAW MOMENT &i 

ROLL MOHEIVT AL 

OUTPUT IAHE 

DPITCH 

DY AW 

DY Ai 

DROLL 

D g S C R I P T I O B  

effective pitch component of 
thrust m i  salignment (degrees) 

residual yawing moment 
coefficient (f t-lbs) 

effect ive yaw component of  
thrust misalignment (degrees) 

residual  rollin& moment 
( f t-lba) 

3.5.8 CALCOHP Plots 

The optional CALCOHP plot output is presented in figures 8 through 18. 
2he parameters on the plots include, 

FIGURE - LABEL - 
8 1 COBTEOL IONE3T 

8 1 REV. EFF. TORQUE 

0 1 AERODYIVAWIC 

8 1 RESIDUAL IIOIBHT 

SYHBOL OR EQUATION 

MS 
1,ii 
Maero 

A M  

9 2 EFFECTIVE THRUST MISALIGI" 

9 2 Pitch 

9 2 Yaw 

? I  'P 
€ I  
'9 

Total 

10 3 WIND VELOCITY MEASURED vw 

10 3 Effective v& 
5, 

11 4 Effective G 
12 5 CONTROL MOMENT y36 

12 5 REV. EFF. TORQUE Iy li; 

11 4 USED DIRECTIOlo MEASURED 

%e ro 12 5 AERODYNAMIC 

12 5 RESIDUAL A N  
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PIOUBE 

13 

14 

14 

15 

15 

I5 

16 

16 

16 

- 

- 
- 
- 
17 

10 

FBMIS - 
6 

7 

7 

8 

0 

0 

9 

9 

9 

10 

10 

10 

11 

12 

WBEL SXHBOL OR WUATIOI! - 
ROLL H O S H T  

DYHbxIC PRESSURE 

H4CH BO. 

PITCH FIE 

YAW FIB 

BOLL FIE 

PITCH BATE 

YAW RATE 

ROLL RATE 

PITCH ACCgLKBATIOlO (lf input) 

YE,w ACCEZEBILTIOl ( i f  input) 

ROLL A C C n R R A T I O I  (if input) 

AlSGLB OF SIDESLIP 

ANGLE OF ATTACK 

ORIGINAL PAGE Is 
OF POOR QUALITY 
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propel 1 ant 
weight table 
to percent 
consumed 

Read a, p 

70 I No 

Campute angular 
accelerations 
from rate trace 
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least squares 
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$ w i l l  be 
computed f r o m  4 
by least  squares 

$ w i l l  be 
computed f r o m  4 
by least  squares 



c 6 w i l l  be 
computed from 4 
by l east  squares 

Initialize counters 
NLP=O 
IK=l 
N PAG E = 0 

TlMEtT IME-DTIME (I K) 

150 



Figure 3 (continued) 
Flow Chart o f  STAGE1 Program 

ORIGPM.  FA^, ;; 
OF POOR Q f J A L r t  

+ For Time increment 

XK = IK+1 1 
o f  run 

4 TIME + OTIMECIK 
NLP = NLP+1 i I 

Table lookup 
, u ,Q , \I, Yach , h, Y 

Compute control 
effectiveness 
j e t  vane S aero 
control 

CQRlPUte mornent 
arms and moment 
coeft ic ients 

CALL SMOF 

2 90 

L 1 

Compute * 
Table lookup 

- 47 - 



Q 
Comoute: 
.Effective wind veloctty 

and directfon 

UIpio array 
.Store Out.iut i n  

t 
Compute: 
*Pitch m n t s  

Gi XiD 

Q 4 4 , I X , C k  

output In 
WAR( ) array 

*Roll moments 
*Residuals 

yaw rate d 
CALL SMOF 

I 
d 

Yaw mmen ts 
.Residuals 

A& AVwy, C; ,F;S 
Y Y  

410 I-’ 

WAR array 

600 1 

I I :;ore roll output 

~ R V A R  array 1 
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Q 645 

I 

/ Pr in t  p i tch 
variable outputs 

PVAR ( I J )  
U P ;  J = 1, 24 

690 

I -  

PFint  effective 

I 750 
Pr int  roll variable 

I = 1,  NLP; 3 = 1, 9 

I 760 

data for 

1 820 

CALCOMP 
plot generation 
CALL CURVE 
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Figure 16 
ORtGINAL PAGE Is a ~ c o p @  Plot - Rates OF POOR QUALITY 
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